The present study was undertaken to ascertain the morphological responses of a groundnut cultivar K-134, under different water stress regimes characterized as control, mild, moderate and severe stress represented by 100, 75, 50 and 25% soil moisture levels respectively for eight days. Root length increased over control at mild, moderate stress treatments and inhibited at severe stress conditions on all days of sampling. Severe stress treatments had caused significant inhibition in shoot growth on day-4 and 8. The fresh and dry weights of roots and leaves and leaf area decreased over control in all stress treatments except under mild stress on day-4. The changes in theses parameters were dependent on stress severity and duration.
Introduction
Among the various abiotic stresses, drought stress is the most important factor limiting crop productivity throughout the world and has been focus of much research. Groundnut is one of the world's most important legumes. It is grown primarily for its high quality edible oil and protein. It is grown on 35.5 million ha across 82 countries in the world. More than half of the production area, which accounts for 70% of the peanut growing area fall under arid and semi-arid regions, where peanuts are frequently subjected to drought stresses for different duration and intensities [1] . Understanding how groundnut plants respond to dehydration is a prerequisite for developing strategies for crop improvement in drought tolerance. Hence, we made an attempt to understand the morphological responses of groundnut plants to drought stress.
Material and methods
Seeds of groundnut (Arachis hypogaea L.) cultivar (K-134) were sown in earthen -pots containing 8kg of red loamy soil and farm yard manure (3:1 proportion). Pots were maintained for one month in the departmental botanical garden under natural photoperiod of 10-12 h and temperature 28  4 0 C. One-monthold plants were then divided into four-sets and arranged in randomized complete black design. One set of pots received water daily to field capacity and served as control (100 %). The remaining three sets received water daily to 75, 50 and 25 % of the field capacity and were characterized as mild, moderate and severe stresses, respectively. After induction of stress, the pots were maintained for another 8 days and the experimental data were collected at different time intervals i.e. on day-4 and 8. The length of the root and shoot was measured after inducing water stress. The plants were washed with deionized water and blotted dry with filter paper. Root and leaves were separated and fresh weights were recorded. For the determination of dry mass, the leaves were dried at 80 o C in a hot air oven until a constant mass was formed. The leaf area of the expanding leaf (second leaf from the apex) was measured in a leaf area meter. Means of five individual estimations were taken from both control and stressed plants. The 
Result and Discussion
The extent and the pattern of root development are closely related to the ability of the plants to absorb water and hence is of greater significance in drought resistance. An increase in root length during mild and moderate stress treatments in the present study indicated that root growth continued up to sub-optimal conditions. Similar reports of increased root length at suboptimal moisture conditions were observed in groundnut [3] and in other plants [4] . Enhancement of root growth under drought conditions allows the plant to extract more water from deeper zones [5] and the ability of groundnut to maintain a viable root system during water stress may contribute to the crop's drought resistance [6] . However, during severe stress conditions, root growth is inhibited in the current study and it is ascribed to the reduced turgor, sufficiently enough to stop cell elongation or to dry soil conditions [7] . The decreased shoot growth during water stress has been reported by many workers in groundnut [8] and in other plants [4, 5] . The present study also revealed a reduction in shoot length during stress conditions and the degree of reduction in shoot length was dependent on intensity and duration of stress. Water stress decreases rapid cell division, elongation and enlargement due to low turgor pressure, which might have ultimately lead to the reduction in plant height at lower levels of irrigation [4] . The percent decrease in root growth and shoot growth was 6 and 15 under severe stress conditions respectively at the end of experimentation. This differential response of root and shoot in groundnut is an adaptation by plants to avoid excessive dehydration while tapping moisture available at low depths of dehydrating soil [9] . The fresh and dry weight of the roots decreased significantly at all stress levels from day-4 to 8, except under mild stress conditions throughout the experimentation. Root fresh and dry weights gradually decreased under stress conditions on all days of sampling when compared to control. However, groundnut cultivar showed a slight increase (2.6% over control) in root 
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dry mass upon exposure to mild stress. An increase in root weight provides a relatively large absorption surface and alleviates the stress effect. Leaf fresh and dry weights decreased significantly at all stress levels except under mild stress conditions where there was no significant change in dry mass accumulation of leaves when compared to control from day-4 to 8. In general, the magnitude of decline in fresh and dry weights of root and leaves was dependent on severity and duration of stress. These results agree with earlier reports in groundnut [10, 11] and other plants [5, 12] . The decreased dry matter as a result of stress may be attributed to the altered carbon and nitrogen metabolism [7, 13] and also due to both senescence and death of leaves, which was considered as avoidance mechanism that allows minimizing water losses [14] . It is observed that the cv. K-134 maintained relatively a better dry matter of roots (76%) and leaves (68%) under severe stress compared to controls on day-8. Groundnut cultivars with vigorous early growth, a relatively large biomass accumulation and capacity for remobilizing stored assimilates to reproductive sinks may be better adapted to drought stress [15] . Leaf area expansion depends on leaf turgor, temperature and assimilates supply for growth, which are all affected by drought in groundnut [1] . Although leaf area in stressed plants decreased over controls, there was leaf expansion from day-4 to 8 in all stress treatments indicating cultivar tolerance nature to stress treatments. These results are inconsistent with earlier reports [16] . Drought reduces leaf area in groundnut by slowing leaf expansion and reduced supply of carbohydrates [1] .
Researchers suggested that inhibition of leaf growth by water stress can be considered to be an adaptive response as it limits leaf area production and eventually rates of transpiration in plants and reduced transpiration may then prolong plant survival by extending the period of availability of essential soilwater reserves in the root zone [17] . Drought treatment produced a decrease in leaf area paralleled by a substantial decrease in dry weight of leaves of the cultivar which is in agreement with earlier results [7, 12] .
Conclusion
In conclusion exposure of groundnut cultivars to drought resulted in decrease of root and shoot growth, fresh and dry weights of roots and leaves and leaf area. Based on morphological parameters, in the present investigation, cultivar K-134 with a smaller inhibition of root and shoot growth, biomass accumulation and leaf area may supports its better adaptive potential under water stress.
